(21) 



ftm¥6-3 14 594 



Fig.l 



Fig. 2 




- cathode 

first electron injection 
-transport layer 

second electron injection 
transport layer 



nth electron injection 
transport layer 

■ liffht emitting layer 

, mth hole injection 
transport layer 



second hole injection 

transport layer 

first hole injection 

transport layer 
anode 



substrate 



cathode 



light emitting layer 

mth hole injection 

transport layer 



second hole injection 
. transport layer 

-first hole injection 
transport layer 

• anode 
substrate 



[03] 




i 

! 

! 



imttiB] ¥fiS6^2^2 8B 

i^tmm. i ] 
iffiiEtf&m®%) mm* 
iwiiEttmmmz] ±sc 

i mm i ] hw/* - }mAmmm/§zxm/m* 



-#**2 JlfcLfc©Jl*> 6ft 0 . 
«ttfli©«-?aAlfta»©Sfl ©*T-H«;&©fl E ae 
X Eae2, • • • Eaen (CC-CnWmT-aAISjMil*! 
niB^e>^$*art»SC i*Sfl*L/ > 1,2. • • • 
nte&ffiffliJa>6<DJi#£:til*-r&. ) #P£ffi©f±*KI£S! 

©fit ( i pc) iTtes; ( i ) (DMmzm&L. 

>>f JUDfifi I phi. Iph2- ■ • I phm (CCCm'tt*- 

i. 2. ••• • mi*mmm&%<Dmmzmm?z. ) # 

eaflB©f±JpW&©fif ( I pa) £T§65£ (II) ©BB<fc£7iS 
I pcS E ael§ E ae2^ • • • k E aen ( I ) 



Searching PAJ 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 06-31 4594 

(43)Date of publication of application : 08.1 1.1994 



(51)Int.CI. H05B 33/22 



(21) Application number : 05-344084 (71)Applicant : RICOH CO LTD 

(22) Date of filing: 17.12.1993 (72)Inventor : ADACHI CHIHAYA 

OTA MASABUMI 
NAGAI KAZUKIYO 
SAKON HIROTA 



(30)Priority 

Priority number : 04355786 Priority date : 18.12.1992 Priority country : JP 



1/2 <<— v 



(54) ORGANIC THIN FILM ELECTROLUMINESCENT ELEMENT HAVING PLURAL CARRIER 
INJECTION LAYER 

(57)Abstract: 
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CONSTITUTION: An organic thin film electroluminescent 
element comprises an anode, a hole injection transport 
layer, a luminous layer, an electron injection transport 
layer and a cathode, and either or both of the hole 
injection transport layer and the electron injection 
transport layer are divided into plural layers. The 
ionization potential value of the hole injection transport 
layer is in a predetermined relationship to the work 
function value of the anode, and the value of electron 
affinity of the electron injection layer is in a 
predetermined relationship to the work function of the 
cathode. A hole injection barrier from the anode to the 
luminous layer and an electron injection barrier from the 

cathode to the luminous layer can be reduced significantly and thereby a driving voltage is 
lowered and the crystallization of the organic layers due to Joule heat is restrained so that 
durability of the element can be enhanced. 
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5 a: wBJisfiStttcfitiwfc^ft 4 * y ■?-ife£mzm& 

ffl-c#s#yvHt6su4i>-ctt. *y^*-u>. *y 
trx;uh;uj.>. #'J-N-t^WJ^ , ;-;i', «i<y 10 
U- K ttiVstZ-frnrV U- K #y 

4 

[0 0 3 2 ] PlUtmiU-CCJ. -vTA*. 
/^^A-^cne>©£#*£t ( >«:K'fbXX (Sn 
O.) . »{t:*X--f >2^A ( I TO) . 39ft*KK 

•J T 'J - U > bf- U ^©zgHtttf <S«rffil.>4 
Stem. XX, 18, v^*->^A, v>#>, TJl^S- 

[0 03 3] *^(Cfcl>riJ. jSgfPSSfcjglEStgi 
«:JBJiRU Hl~H3©J:9*«sSi-S-*Ct*»a*l/ 

«^«:j:o-ctt. ^commmz t-?x t 

^ffiffl-C*S. Sfc. #3MBCC*rt,»Ttt. C©cfc5{C*30 
1 pc ( 3 . 5 0 eV) > E ael ( 3 . 0 
[0 03 6] JtWJ 1 (•^ttAlftaSIB^B* 1 ^*^ 
£*-i£t§£) 

liH*«:EL*-T-*fWiOfc. fc/cl, IB 2 WPS A 

mmmommz 5 0 0 a 4 ufc. c©tg£. mEEWnffl: 

3 OmK/ cm 1 <D%mMTX'b 2 0 c d/m'©2£ 

ymm. mmms. 1 o vaMsajstifc. t c 1 b# 
rsmm&vte 2 7 0 c d / m* . 1 0 mmmmn-cim 

%mm4 3 c d/m J 4^2ST-aA^tiHJl?:«B§L/£ 40 

feSKEltW 1 tCJt-^ 1 . 1 Vfi5C>ffl*^Lfc. CCCi* 
6. *£&©1ST-aAii}jtllJW?£T£t§£. »A14©fa 

[0037] mmmz (*-*&AmmmRvm?&A 

IB1 *-*aAlft26H4l/rBW2 5 0 A©iH7 $o-/ 
(HTL18) (CuPc)^Bii. $2*- 

j^rixmmm (htld (DnmcmAotaMtzmm 
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UTff 6tl/cE L3R?-©£5£1*f:©fa±. ^tcAS,*©* 
[0 034] 

[0 035] SSSS^ l Clt*iiAi&jMB#2B^6ifcja3 
I TO W>W±mmttM: i"- hf5Ja2 0Q/D) 

*3-iKciToa«*5»i«ai«i/. amm&mla:. 

*-^aAM3aWtmHT L 1 * l 0-» t o r r <DMQ 
T-cr;i'5^-S-3{3f«rttif»-rsc4{cJ:D4 OOAlf 
l/fc. 3MC. AXMttttEML 1*15 0 AmmLtc. 

*2«TaAlftiaiETLl*2 0 0A. 
IH 1 H-^&At&iSiE T L 2 9 * 3 0 0 AiKBU ftfft 
CC 1 0 : 1 ©JM^fJtOMsr AgSS4 2 0 0 0 AjSgSb 
fc. C©<£ l>Xi%!%.LtcE L jRT-tMUEERfDKtt . 
3 0mA/cm 1 ©«iJ£ffi)K{c*jt ( i-rreKlSII8. 9 
V, «WS6 20 cd/m'**l/fc. ■€"©&. 6 0 
#>BBS&. 6 6 8 c d /m ! . 1 0 mfflmW&X'&4 3 

o c d/m i <Dmmm.zmftUc a mt^z vMtA 

7 5 nmiW'il/fcf SMtfeofc. C©4£. ^ 
2 mT-ttAtt5MH©m^fO^« 2 . UeV, sis 
?&A!ftSW©*?*f[tfjra3. OeV. F#S©f±^M 
^{i3. 5 0 e VC*9. 1 K*S©I»«5S**S 

eV) > E ae2 ( 2 . 14 eV) (III) 

aAiftasBo«i«* 2ooAiLfc. c©ti-^. ^jiep 

mmk. 3£«aET(Cfet,i-C. ?6*iBgg4 9 2 c d/ 
m 2 . ,^S[imBE5. 3V^Hfj)§n, 1 0 BtfUJiUjfl&K: 
fcl,>tt2 6 0 c d/m'OJftWft^lSWSti. WA14 
(tS*fELm?--e*r>/c C©C4J:0. *-^AfM 

itn 4s^f-aA^Ma *as5t/i*> ^.^^ s c 4 «c «t 

«P. #0<IESbSBE ; &iSTS-&SC45!)5pI^4^SC4 
^*d*>-2>„ coiffii&itCto^iX. mwehz, I TOli© 
•Y*Mt*7 : ->i'-f JU«1 pa = 4. 53eV.Jfn* 
-^aAlMjSl©^ ^->{b*'r>->'f -"Mi 1 ph 1 = 
4. 97 eV, ^2*-JU) i iA^jllB©^*>{b^7 u > 
V-WHi lph2 = 5. 08eVC*f). 193?^ 1 §Bt8 

©B8«se*sis-rs. 

lpa(4. 5 3eV) <lphl (4. 9 7 «V) <lph2 
(5. 0 8«V) (III) 

[003 8] mmm 3 (^ 1 m^axmrnmic^-r * y 

F>*ffll»/cii^) 

*-;i'&Aiwa3!fl«: h y 7 *^;ut 5 >i§»htl 

2.^1 mT-aAfiitJlK:*^ * y K >mW&E TL4 



33 



7 ^m^fcmHmmm 1 tmmicE Lm+zftf&h 

/c. CcDtg^-, mEEHttJit^. 3 0mA/cm ! O5li 
«ET-C, 2 5 0 cd/m'C^Sa. BgB&HEE 1 1 V 

*sggaijsn. i oNFWigjg^{c*j^rfe iooc d/m* 

I pc ( 3 . 5 0 eV> > E ael ( 2 . 

[0039] mmm4 <sr 1 m-? ttA^jusK^^^^ 

*-^aAI»3SJlK h y7*-;UTS>BNW*HTL 
3. IHWttAlliaiKt^jiA-f 3 KSfaSttETL 
4 5 *fflC»fc£Wtt|g*« 1 £ ffiltttc E LSR^-SfBsJE L- 10 
tc. C(Dm&.. HEEPttlitf£. 3 OmA/cm'©^ * 
I pc ( 3 . 5 0 eV) > E ael ( 2 . 

[0 04 0] Jt$B0J2 
SWWlira«KELJR*-*mSLfc. fcfciU Sll 
^iiAMMIJlKTIB^ 'J U>pigf* (PV) £fflt,>7c„ 
C©i§-£. EPttl^E2 OV5C*s^-c4>^^EL^O 

1 pc (3. 5 0eV) >E.ael (4. 
f£> «3 . 5»*IS 1 tett©MflaC*«&tf-r. ( I ) «DM 
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ffifUMZ2. 6 0eVtMie,n. IMcJf i istsoea 

6 OeV) >Eae2 (2. 1 4eV) (V) 
X ffiT-C. 328cd/tD' IBBifflE 9 V# 

■BBSflfc. 1 B$Higjfi&K::te<,>-C«5 2 8 c d/m 1 

©»#»a#«wsft. 1 ommmm^vh ioocd 

/m ' &±<Dftftm&*Wm $tltc. C <D& 7 Z A, A S 

Ntett® stormi* 2. 7 0eviia& en. 11 

7 0 eV) > E ae2 ( 2 . 1 4 eV) (VI) 
★ fc. C ©f^£ 3 OmA/c m J <OS«itT"CW^H» 

4tf ft ofciC5, 1 «H«W {CJWE^jJE l/tl/t 



3 OeV) >Eae2 (2. 
* [0 04 1 ] 



1 4eV) 
5~8 



(V) 



[<fc2 6] 




20 SBftffll 4 ig«tc EL 3R-T-*ftJSELfc. 

[0 042] 
[*7 3 



PV 





HTL 


EML 


ETL 


0«f^ 
(cd/rf) 


(cd/tf> 


1 Oftffl 
(cd/nf) 


M2M 


seis 


5 


HTL3 


EML1 


ETL1 


ETL29 


530 


730 


440 


6 


HTL1 


EML2 


ETL1 


ETL29 


650 


570 


440 


7 


HTL 3 


EML 3 


ETL1 


ETL29 


740 


625 


470 


8 


HTL 3 


EML 4 


ETL1 


ETL29 


400 


480 


390 



vf-sujumm t am icmmm 1 E*iw>H«*6«iaT 40 

[0 043] X«5PJ9 ('WXKtt) 
IW«liHI»«:EL*^-*ffiBSLfc. tctcL. mmm 

SfU *-JU&AJ»>j£lf HTL1 4 0 OA 
#fcftH EML 1 15 OA 

m2m=f-i£.A&mm etl6 200A 

IB 1 £ AlftiM® ETL2 9 300A 
C©<fc 5 CC LrfffiSO/cE Lf8T-£ b- ?1§?jK<I 3 0 m 

A/cm\ mmmi ooHz<Dmm-cmmi,rctc so 



6. #m?S?g8 5 c d/m'. ,«&miI6. 2Vtwl 

tc 2 o i mrsmmkicio^r 9 7 c d/m 
'o^3WS (gg»>ilJI8. 6V) **i^ur*50. ® 
*r WAtttc^tf e L JR^r* fc. 

[0044] mmm 1 0 

HJ6^2<!:ig«ltCEL^4f^Lfc 0 tctcb. Ht2H 

mm. 3 OmA/cm'©5ESST(CteUTMia6 
Ocd/m', fEB»miE6. 2V£^L. 170B#(a^ 

«:^tf*S*^#P.n/c<, C©*g£&ETL 2 01©^ 



(19) 
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I pc ( 3 . 5 0 eV) > E ael ( 2 . 
1 1 (&*&A®7m&3Bip*>m 
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[0045]* 
I TO U>5>->A»BKb» : HJ6Jn2 OQ/D) 

t*3-jhc i toss?: b^mmmu. mmzmL 

tc *-Jl'&A®mmtmHTL UlO-'torrO 
K£TrTJl/5 ^£o«*^grr<5C 9 4 0 0 A 
WMLtc. iWC&ft/tttfcfEML 1*150 AHiSl, 
fc„ &(C. ^ 3 A$&ji£Jii E TL1*150A. % 
2 H-if-ft Alston ETL6*1 5 OA. SJ5tc»ltt? 
&A*Sft£llETL2 9*2 5 0AI.fl. ®f*CC 1 0 : 
\<DWFVc<DMg A glS?:2 0 0 0 AMMLtc. CCD 
Jc^tc L-Cf&S Lfc E L^^-W^EEPttJit^. 3 0mA 
/cm'fOSSSRKfcUt, iS«>»E7. 6V. M 
»S5 10cd/m', **L-fc. ^©fg. 6 0#SSfi 
i6 10cd/m', 1 0<ftffl&M&-eb4 2 0 c d/ 

rn'oimtezmftLtc ceo ^3mT-aAMii 
»©«T«fitfjtt2. i4ev. m2m^mxmmm<D 
n^-mmtite 2. 5 0 e v . is 1 *fSEAnaiH©*?- 

mmMt 3 . OeV, Pifficott*Ktfc» 3 . 5 0 e V -C 
* ») . M*q| 1 iEM<Dm&ttffi!ZT S. I pc(3 . 50e 
V) >Eael(3.0eV) > E ae2(2 . 50ev) > E ae3(2 .14eV) 
(IX) 

[0046] mmm 1 2 

m lx-^mAmmmt it-cm? *v><T~> <c u p* 

1 pc < 3 . 5 0 eV) > E ael ( 3 
4. 9 7 eV, ^2*-JUffiAfft^)l©^^><t^7-> 



5 0 eV) > E ae2 ( 2 . 1 4 eV) CVIII) 

*c) (HTL18)*200A, m 2 * - ;U&Atjw*B 

iitHTL i *2 o o km^tcwummmi itm 

ttKEUR^tfti&l/A:. C<D£>?t,CLX{tf&l,tcEL 
JR-T-liWEEWWittlft v 30mA/cm' ©^iftSKfCfc 
1>-C. jg»SE6. 6V. ^gg4 90cd/m', 
*7nL/c -£©f£. 1 0Bt5F|ffl|£iBf£-C64 0 0 c d/m 

*&t±o>mmm.ziimbfc. corns, my^a^r- 

io >*}*A-r-SC tic J: K) . USSfll i i fci£^|g»Sffi© 
ffiT*E&C<t#-C$;fc„ 
[0 04 7] 1 3 

aAMiiJl<!:Orag7*a^T^> (CuPc) (HT 
LI 8) *2 0 0A. S&2*-JU&Afi&iMB£LTHT 
L 1*1 5 OA, m3*-^aA(fiSJlHTL2*l 5 
OA. M1EML141 5 OA. *2«?&MU8JI 
ETL1*200A. Sllll^ftAil}j&IETL2 9* 
30 0AIfU MKMgAg^SMMl/fc. 
20 C©£5KLTf^0fcELJ^;miIEPMtfg. 3 0 
mA/cm'CDa^S^fo-^-r. ggSb^!£6. 4 V. 
#fefc»K5 3 0 c d/m'. *^Lfc„ -e©f£. 6 05> 
iffiB&5 60c d/m'. 1 OmfSimM®X'b 4 6 0 c 

d/m*(Dimm.t;mmLtc. co>m^as^-c. M2 
tt&Ammmoymi-mmtt* 2. 1 4 e v . m 1 m^- 

aAI&^HCDm^fO*«3. OeV. iftOj±*M» 
«3. 5eVC*f). DM01 1 %eM<Dm%ttW>%.? 

. OeV) >Eae2 (2. 1 4 eV) (X) 

30$*{t*7->i"r ;U«5. 32eV-C*0. ifJjBS 2 IBIS© 



-> + ;KJ5. 0 8eV 



Ipa (4.53eV) < lphl(4.97eV)< 1ph2(5.08eV)<1ph3(5.32eV) (XT) 



[0 04 8] t&ms 

mim+&.AffimmicETL 1 (200A) *i2s^ 

aA«W*»{CETL2 9 (3 0 OA) */BC>. iSJUHI* 

^fc. cco.t^Ko-cfP^L/fcEL^amEEEnfinii: 

{ft. 3 0mA/cm J CD^SSti:*5^r. Igffi&fiEE 
8. 4V. j%7t«S5 1 7 c d/m 1 . *^Ufcrt*. 1 40 
0«FMMja^fc 10 0c d/m'«TCO^)feiffieu^f# ★ 
1 pc ( 3 . 5 0 eV) > E ael ( 2 

[0049] mtum 1 4 

IfeteplJl 1 il5]^«:SSCD5Jva*^fo/c^. gl*-* 
ffiAitjil)liLr^7f d^T^-> (CuPc) (HT 
L 1 8) * 1 O 't o r r<DM&TTT)VS.i-&^&* 
^•TSC£K:J:9 2 00A13SfU/c„ 3 6ft. US2* 
-^SAMmm tLXHTL 1 * 1 5 0 A. S&3*-.rt/ 
SEAf&iill <bL"CHTL2*150 AMM L tc. #CC. 
$fe*Httf4EML 1*15 OAIfU/c. 1S31I^£A 50 



K*5l>-CiJ4 7 5 nm**^<t 0/c»feCDE L^Tt-C* 

a>£©EL263fe4>H!§l;*n. 5 15nmW-ibfci 
feffe^-C&^fc, C©SHHc:tet,>-C. m 1 &A«ii* 
Jl©«*K«I*tt 2 . 1 4 e V . ^2 HT£Ali&3£JI© 

«-?^o^»« 3 . oev. mm<Di±mmmt 3 . 5 e v 

1 4eV) >Eae2 (3. 0 eV) (XII) 
^jHHETL 1 * 1 5 OA. I2^aAiSiETL 
6* 15 OA. 3 6«:|gim^aAli)ilJiETL2 9* 
25 0Altb, &&&C10: 1 COM^tbCDMg Agl 
M20 0 0AIttfc. CCOiMCl'TCfl^UftiEL 
3RT-J*WEEfflniitt«. 3 0 m A / c m 1 CQfSiJfSSgiCfc 
C»r. Sg»im)E7. IV, Mg523 cd/m'«: 
ffsLtc. -ecofft. 1 0B$[Sigjl^-c€)48 0 cd/'m , 
©JB3WK*«*Lte. C©i©^. m3m^-i£AfSjill© 
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**#Ktfjtt 2 . 14eV, i2 &AiS*g/I©1IT- fg*^ 1 Btt©IWtS3C*»fi'r 

»W*«3. OeV. ^©©{±^B8SSttt3. 50eVt* 

Ipc(3.50eV) >Eael(3.0eV) > E ae2(2 . 50eV) > E ae3(2 .14eV) (XIII) 

4. 97 e V. »2*-^aAfS^H©-f^>{ti<7 i > BB«3C*«8ST*. 
^♦*B5. o 8 e v. m 3 *-J\s&\$§imm(D 

Ipa(4.53eV) <lphl(4.97)eV) <1ph2(5.08eV)<1ph3(5.32eV) (XIV) 

[0050] mmm 15-22 *afHca 1 iHtscw^^^s-r 

mmm 1 <t nwc e l 3R*©m8*ff o /c wt©« 8 [ 0 0 5 1 ] 

KJBflWSt*SSWB^«tt«:ot>-c^r. tt*. cne. ao [*8] 





HTL 


EML 


ETL 


(cd/rf) 


1 KrfBI 
(cd/rf) 


1 OtiHBI 
(cd/tf) 


&2M 


SS1B 


15 


HTL1 


EML1 


ETL2 


ETL29 


670 


630 


360 


16 


HTL1 


EML1 


ETL11 


ETL29 


494 


350 


150 


17 


HTL1 


EML1 


ETL13 


ETL29 


680 


620 


420 


18 


HTL1 


EML1 


ETL12 


ETL29 


790 


680 


310 


19 


BTL1 


EML1 


ETL7 


ETL29 


78 


113 


145 


20 


HTL1 


EML1 


ETL5 


ETL29 


115 


201 


134 


21 


ETL1 


EML2 


ETL5 


ETL29 


460 


430 


280 


22 


HTL1 


EML1 


ETL9 


ETL29 


60 


80 


89 



[0 05 2] 

[■Bfon*«:i»n] 
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[0 1 ] *^K^stt«witE L*?otKttfflBH 

[0 2] *ftWKftt>£te®*MflraELS^8&»r 
[03 ] *^CCffto&CKttQ*NMtltE LS^©SS 

m- • •1®^!(l©*-;uaA$Sit)l©^»Jd^©ira# : Sr 
n • • •^K)B©S-¥-aAlft)M«©PiffiflliJ* 1 €)©«H#*^ 
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[litUB ] ¥(S6^2^2 8B 

[*BiEst*«H*] mmm 



m$km<Dn?-&.AWimm(D&« (Dm^-mwjjvm e ae 

1 Eae2, • • • E aen (CCtn ««iFffiAlftfiS JB*« 
nJf*>6*tS3n-Cl>€)Ci*^ttL/. 1.2. • • • 

©ffi ( I pc) iTfBS; ( I ) ©B§<1£«£U 
a>^£fc@©*-JU&Aifti£IMCD&* ©-Y 
->*;KDfii I phi, lph2- • • I phm (CC"Cmli^ — 

;u&A«i£@a 5 m@#>6*a(£;* nros c i^ttu 

1, 2, • • - mtt»Mfe6<D««&£tirr«. > ** 
P£ffi©{±^H&©fii ( I pa) tTIBSe (II) ©W&Srffi 

1 pc^ E ael^ E ae2^ • • • ^ E aen ( I ) 



(22) 
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I pag I phl^ I ph2^ • • • ^ I phm (il) 

j&m®&4>f£ < t 2 BfeLh<P«rt>6 tt 0 . it8S()i©» 
-JU&Af&iMI§©&*©^*>fb#^>^Jl-©fii 1 ph 
1, Iph2 - • • I phm (C CTmtefr- Af&i3t;g# 
mil^P»^B£Sn-rc^C^^^L, 1.2. • • • 

(DM ( i pa) ^tib^ (ii) <DMm*ms.ir*>ct*'® 

I pa^ 1 phl£ I ph2^ • • • £ I phm (II) 

6«tit3n&g«»WEL3frfK:*5t>T. gffijAjftg 

»3&»d>tt < <fc 2 wfet±<p«3» s a o . atticpM^a 

Atftjg)B©#*©g : Hgfifl7©<§Eael. E ae2. • ■ • 
E aen ( C C V n lt&£&J±ffimm# n gfr 3 tl 

rCjSC£^g^U 1. 2. • • • njSE|fijgjfr6© 
)Wg&&ilfrrs. ) #l$®©ttglM%©tt ( 1 pc) £T 

ELiR^f. 

I pc> E aelS E ae2^ • • • S E aen ( I ) 

[»«3B4] 1 ■*> IX tt. fcJ&fcS ft* 

##i oooAfciT-c**ci*wai-r*ii3iasi. 

2Xtt3f2i£©Wf£??lgiE LJRT. 
[0 0 0 1 ] 

[jfi*i:©*lfli#SF] !6*ttW«Mfc^ft3&»6 
ft £ iSL, « JfEPftKC =t 0 J^TfeJl tC&A 3 fttc 

CO 00 2] 

[fie*©8ffi] ja^. ttttttBo^swtatf**^--* 

[0 00 3] W^ilE L uruch 
£-CKodak©C.W.Tanq£«C ct -?Tffi?g3 ft 7c 2 

sW&SShfcHHft (SH-A«jft) (^0259 - 1 9 
43 93^, Appl. Phys. Lett. 51,913(1387)) . Jlffljz 
¥<D if to- 7*«C «fc o -C tyB 3 ft fclM i ^1®©ra JC * - 
;HftiStt» jteB i H^S&i*Jf 4 jW&S 3 ft 7cflf& ( S H 
-B) (USP No. 5,085947. - 2 5 0 9 2^. A 

ppl. Riys. Lett. 55,1489(1989)) . &«3JSfltj£ (H8S 



fc!&£tltcffiTg. (DH$j£) (Appl. Phys.Lett.57,531 
(1990)) Cn^CSISC^il^ffll^C 
<h-€\ flJgiWCCtt 1 0 0 0 cd/m»eU:Ot6*Mli 
fetcig-SBSBKftE L fcttT I >S. 
[0 0 04] C.W.Tang6«<: e ko-Ctilg3nr<:SH-At9 

f*. IfefcHtehy* (8-t7'J/-W TJU5-^A 
K. SH-A^©JS£<fc|Sl&&26#lM h©KA\ IE 

DH«it{c*ju-r«. K-tommmtm^mmmic 
vMW&ztix^ztcibiz&Kyj h©& 

a*. Jg&©ic3. «^isa<Dl&fifl:a*3i steers 

tt{C**araH*r*a*.Tt,»S. 
[0005] ftAttft-h© 1 0©^i Lt, C.W.Tanq 
6(2 S H - A«iS(C#-;U£A«*»AL/fc 3 JBfltffitC 
<fc») (#PgBS6 3-295 69 5-Sf) . »ffi*»6*-^ 
It^Bte^C/lfeTyi-O^-^aAKiS^igT^-ti^ C 

(c^©BAttffi]±©7cfeK«, ^-^l/fc.fc^aT-ttA 

jietc^f-r *»joatm»thW!K*-c* s c <t as^ij ^ r 

trrc. *-Ji/aAiagfc*f-r4tftW«miai©J;^«:S r F 

[0006] 

[lewsflf^i/i^i-r^is] wstaje 

H©WMfe J:!>m®<t|%*8©l?®©f5in^4> b < «M 

-facmmv* + >; +-aAn^»A-rsc <tcc «t o . 

[0007] 

[^H?r«^-r.2>/ces?>©#©] **6?8K:J:ntf. F^®/ 
^3tt6W«iS«EL3HHC:te(,>-C. *-;uaAitill 

ii i m^a A^j^n oyptz < <t **5 2)®w±©®^ 
h**). mm ©m^aAfK^n©s « ©^^iaffi*© 

fiiEael, Eae2, • • • E aen ( C C t? n (*^aAf^ 
i^*5n«^<E)«}BX3nr^2.C4^.mi*L/. 1.2. 
• • • n»^ffiffliJ*»6©ira#*^«-r-5. ) *Wt«©ft 
WB»©ffl ( I pc) iTia^ ( I ) ©W^^^SL,. 
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+ JKDffil 1 phX Iph2- • • I phm (C CTmtt*-Jl/ 
1, 2. • • • m«PiSiJ^6<DJi#<&Sl»-rS. ) # 

mm<Di±mmm<Dm < i pa ) iTfass <n) odq^m 
a-r 5 c t 4 -r * mmmm e l $ n . 

Ipc^Eael^Eae2i • • • £ E aen (I) 
I pa^ I phlS I ph2^ • • • £ I phm (II) 

ttc mm/* -)i&xi$imm/mytm/m®fr sums 

|jjj|ilg)^^g>-<^->-(b^7->^-r;ug)^i i phi, i P h2 
• • • I phm (CC-CmC3:*-Jl/aA$flgH#ml§;frfr 

jgfi£3ftrt,>5c<b£;gis£u 1,2. • • • mamm 

pa) £Tfai£ (II) <DM9hZffi&?ZCt%%fmt-?Z 

I pag I phlS I ph2^ • • • ^ I phm (II) 

ti&^MIBIEL3B?-CgfeC>-r. rettAlftaS«*»»ft 
< 4 fe 2 «feLh<P»a> €>ft 0 . «TO<Pre SAIftigW 
(Dg-^CD^^-flfn^XDffiEael. Eae2. • • • E aen 

Mft-fZ. ) ^iiOtt»WjSg)i ( I pc) tTztt 

I pc^ E ael^ E ae2^ • • • ^ E aen ( I ) 

1KB. lltb<(*. «»©)i*»6JgsJESti**-Jl' 

0 0 0 Afe*T-e#>£ c£*lsa£*fc±«kD?r«wllE 
[0008] ^-^aAaeacffi^a 

1t£«f©* + ';i*-&AII£»A-f &c£fc«fcr>. WA 
14tCg*lfcW8«g&E LS^^stxSC ££Jitb 

l. ♦aw^isrsfciofc. ee*<DEL^<Dti 
^ ^^e^M^o^-Jt-iiA^igfciom®*^ 



Aifct ©-mm^a ap*m# a- * < mm** $>->?c. * 

-juaAiMiiJi <»«*6»36»^*-A*&Mftat-r 

n^m^F^aA^-rsii) £#A-r 
t-SABt^f (/ < firt 5 c i^-ct . Hams 

e.CCCt. WAttlSLh©fc&>K:«. + y-^-aAfUiH 

n. w%mmm<D&*&Amm®Rv : ®.mf&<D*-~)i>& 
Affimmwmtt ( i > rcfss (id -e^nsn^ffj 

W£*jfiJ£-r s C <h # J: o o «,». 
[000 9] fcTRC^JiE Lm : ¥-*:&l&-?Z>!ffg L-t,># 

c>im^i5o o Aucrommtcte^ximKmzB 
RWi»*r*WF*Li». cn^r-wtSELS^-o^Ji 

J Fits® >&MtStt) (1$n 

B85 9-194393 ^PSBS 63-295695 
^) . 1. 4-^7iiJl''/^yi>fcJ;0 ! 7 i h77i 

* *r s >mmw. t- >j ji^>-fe->^2g<* (*s 

13^2-247 27 7-^) . h >J *X ? •) Jl>^>-fe?>^ 
agf* (#PB¥3 -2 9 6 5 9 5-^) . f^^^');UT> 

h7i2>fl^» 0»H¥3 - 1 6 3 1 8 6-Sf) . --i'J J 
>Wim{*. T5 yb'l/>i|(^f , 15 

1 , 6 2 9 IBDJRO'U S P 5 , 150. 006 IB$S© t' 

[0010] 

[«i - (i) ] 
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EML 1 



EML 2 



EML 3 



E ML 4 



E ML 5 



EML 6 
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EML 7 





EML 9 



Sec-Bu 



Me 



Sec-Bu 



N N 




EML 1 0 




EML 1 1 



,OMO> 
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EML 1 2 



EML 1 3 



EML 1 4 



EML 1 5 



EML 1 6 



EML 1 7 



EML 1 8 




[0 0 13] 
[*1 " (4) ] 
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EML2 2 



EML23 




USP No. 4, 1 7 5, 96 0. USP No. 

4, 53 9, 5 0 7, ftffims 3 -2 6 4 6 9 

m*4 - 3 0 8 6 8 8^Cj:oTP^?nrc^{b^©f 




£^J/rr&C<t#n?£& 0 £/c> USP No. 4, 7 
20, 4 3 2^$ntt,^^y 7 ^ 'J >^i(* (7 

i) zm&?zmmimi)mx&fo±.t£.0£L^ o 

[0015] 
[|R2- ( 1 ) ] 



HTL 1 



HTL 2 
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p p p 

Me Me Me 



HTL 3 



HTL 4 



HTL 5 



HTL6 



[0016] 
[*2- (2) ] 



Me 



0 Q 

Meo OMe 



Me He 



Meo OMe 
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HTL7 



N Me 



j6 j6 



HTL8 



HTL9 &:7#P^Tr.> 

HTL 1 0 *{t>f >^A? £n->T^> 

HTL1 1 Jftft^^U7^0->T-> 

HTL 1 2 ^^^A^p^T^ 

HTL 1 3 ^^;l/7^Dy7^> 

htl 14 msy*o^T~> 

HTL 1 5 "7 ^a->r^> 

HTL 16 it7^DV7^> 

HTL 17 ^t7^P^> 

HTL 1 8 fi7d?OS/7-> 

HTL l 9 ? y-^£;u?#as/T~> 

HTL2 0 *#r-jU:7£pfT^> 

[oo i 7] ^iixmmmumtbx^ cn^vm 
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o c e*<t^^i54oci99i)tci3^3nrc^ 0 «ra3 

[0018] 
[13- (1) ] 
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ETL 1 



ETL 2 



ETL 3 



ETL4 



E TL 5 




[0019] 
[«3- (2) ] 
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ETL6 



ETL7 



ETL8 




[0020] 
[*3 - (3) ] 




[0 02 1] 

[IS3- (4) ] 




[0022] 
[^3- (5) ] 
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ETL2 3 



ETL24 



ETL25 



CF 
CF 3 



ETL2 6 



ETL 2 7 



( 



■MCKO 




<o 



CF 3 
I 

— c— 

I 

CF 3 



ETL 2 8 



[0 02 3]? *MB(DfflE L^CDH^&A 
*93S»«:«fflTS^:«>R:«p6cW* U^ffll»WJ8- b 

[0 02 4] 
[«4- ( 1 ) ] 

ETL 2 9 TJU^-^A h »;x*^:» 




CF 3 



ETL3 1 k'X (^<>!/-8-*>i;^-^) 

ETL32 fcTX (2-y«-8- + yV7-h) 

ETL 3 3 -f >^*A h 'J 

ETL34 T^^^AMM (5-^^;U^+^> 
» 

ETL35 «;^A**f> 

ETL36 #U^Ab 

ETL37 *^>OA^ <5-*dP***») 

ETL 3 8 #U (Stt (I J ) -fx (8-tFot 

v- 5 - + y^-ji/) ^^?>) 

ETL 3 9 y'Jf)Aif> K »Jt?*> 
[002 5] 
[*4- (2) ] 



ETL 3 0 7W^b7 3T^» 
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ETL4 0 




ETL4 1 




ETL4 2 




ETL4 3 




Al-O-Al 




ETL44 




Al-O— Al 




[0 02 6] USPS, 1 5 1. 6 2 9SOTS 

P5, 1 5 0, 0 0 6fE*g©ex3^IS+U- Kb** 

1, 4^^^^;l/^^^x>*j < fcc>*-r h-7^*^;vy^ 



3 FlfWfc »; F>WWWF*W*Ci3&«r* 

[0 0 2 7 ] 
[«5] 




ETL4 6 




H 0 

U U If 

n 0 



ETL4 9 




ETL5 0 




[0 02 8] «±K*fflfc**aAlft»WH<D*fMW* 

mstt ( i ) *?i£-rs»if m*«Attft±©ss 

[0 02 9] *3PJitc*5W£*r«?tgE L*-?tt. fc*± 

L/<«1 OOOAfelT. 3 6tCj(?£U<tt. ^W^JIS: 
1 0 0A~ 1 0 0 0 A©®«&fcMlt{t^£C iKJ:»)W 

fistgtcmojg^. i o oawt©wwk:*5<,»-cji*«&5S 



[0 03 0] JMT, Hffi(Ci&o"C#IMI|*3 

* - ;uaAis5H)a i area xnraB<P 4>a < <t 
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[oo3i] *mi<DmmmmE l^«e i^m^cm 

&t>&-cftffia*ftm?2> c t i>T%z. compete 
m-c$z>#v-?-te-&m± L.t«, *yx^u>. spy 

y £ ? y u- K # y jO^t f y u- K spy 

[0 0 3 2] ^Stt*4iL/r(J. - vir;K 6£. 
'<?5^A^Cft6©£&*&(,»«K'ftxX (Sn 
0 2 ) . Mffc*X--f ( I TO) . 3-5Hfc««C 

£V3tt*W»©**tt&IIM»*ft&©£&. <t^». E 
KlisP'J (3-^wt7i» . spytrn-Jk sp 
y r y - u > tr- u >^©j#iittsP y v- a t* £fnt,> £ 

£LrflH»SttB©5%<l>tt< iS?T-©l6:fc 
HttWWWc4W,>'C+««i-C** C i*sg£ U». lift 
fi*JK:(48 0%tl±©*jSii**W'rSC<!:*sSSC/t^ 
[0 03 3] *A9IK:4ib>-Ct£. SHJI^ffi^SBjaSi 

taj^L. Hi~s3©<t5«c«fiSi-rsci3isiiSL 

I pc ( 3 . 5 0 eV) > E ael ( 3 . 

[0036] itmm i <**&Ai«»B##iBa»6«ji5 
m i m-^aAf^iMd e t l 2 9 =&=sras L/ctw. mmm 

liraaccELJR-T-iffifiRLte. fc/cL. *2«?SA 
itj£Ji©&/?* 50 0A£Uc o C©*g£. ^EEPflniS 
f&. SOmA/cm^SSiiiETt'S 2 0 c d/m 1 ©^ 

Ttsss, mmms. 1 o v*t«iM3nfc. icw. 1 m 

MBaa-CB 270 cd/m\ 10 ^PM^rti^ 
7tiSiS4 3 c d/m J i^2S^aAfiiMB=&*BSLfc 

4>*SfifiJ HCth^ 1 . lVI!l>f^Lfc. CCOCi* 
6, Mfc©S^Aifti£JI*5??£-rS*§^. WAtt©fr 
±RC«IBiWtBE®«TCCjai*****C i3W*>*>S. 
[0 03 7] *SSfi»j2 (sP-JUftAI&jSIRO'm^&A 

^1 *-;uaAftrii®<!:urg|Ji2 5 oa©^^^* 

I pa (4. 5 3ev) <lphl (4. 

) 

[0038] mmm3 m 1 m^&Ammmiti-i-f v 



*Wc*tT*fi!«©fc«>K:. 8a«c«flBB*SWfc9. IftT- 
±ft?:-fe;Ucp(CC^, ^y3>^-^jU^?ritA-rS<te> 

[0034] 

[003 5] H») 1 CM* aAKfflSJB*«2«*»63l5SE3 

1 TO U>e^A$g$Hb12j: f- h*St/L2 0Q/D) 
g&£»A fpWfcftl T-feh>. -fyyat^J^ 

;U=i-;Kt I TOIS§5»BSIO. fl08M£*&Lfc. 
*-^aA»iHaW*4HTL 1 tlO-'torr ©K£ 

Trrjus^sots^jn^-r^citcfcfj 4 ooAli 

Lfc. *(C. »36)i*mEML 1 £ 1 5 0AIfl/fc. 
#ic\ ®2m-T-aAlfiji)lETL1^2 0 0A. 3 
HI 1 *^&AIW8IHE T L 2 9 * 3 0 0 ABML. S!g 
(C10: 1 ©ff^ ikOM g A g 2 0 0 0 Alt 0 
fc. C©J: 1/CflSfiSOfcE LSR^-ttWEEIJflliffa. 
3 0mA/cm J ©Sffi®JgCC*jt,>TlB»j^K8. 9 
V. Mi»S6 20 cd/m ! ^lfc„ -?•©*£. 6 0 
flSgjgflL 6 6 8 c d /m' . 1 0 B#flSJifIj§tf£-e4> 4 3 
0 c d/m*(DlSMm.ZMmi>tc. #63fcX<"<£ HMJ4 

2 W^&Alfta!«©*?««tfJ« 2 . 14eV, fit 
*&Afa&»©«^!B?ltt>«3 . OeV. Kft«©£t*H 
tW3. 50eV-C*i9. Ms&B 1 IB«g©M^S;^PH 

OeV) >Eae2 (2. 1 4 eV) (III) 
-XT-=-> (HTL 1 8 ) (CuPc)^igi, 12*- 
)l>iZA$tmm (HTL 1 ) ©WffitCjfAL/rcW^B^SS 

7iAlft^)l©M«?:2 0 0AtL)t„ C©i§-£. HKEP 
ttliSa- JE«*T«:tot»-C. ^7t®S4 92 cd/ 
m'. .ffiS&SJI5. 3V*iSSiiiJ3n. 1 0B#P4«jl^c 
*Jl>rfe2 6 0 cd/m J ©lStt^llS'J3n. WAtt 
Ccmt?EL5S-T--C*-3./c„ cocij;*), sP-^aAHi 

mm tm^-mxmvm^mm^h^m- z> c t tcj; 

JX^iWr^is+MZX t>& = A. 53eV. II* 
-^aAMSUl©-l'^'><b:P7->">i'Jl'B lphl = 
4. 97 eV. ^2*-;uaAfijMll©'C^>ib^f-> 
i^ + JUBl Ph2=5. 08eV"C*0, IS^ 1 IStS 

9 7eV)<lph2 (5. 0 8 eV) (ill 
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7 zm^tcummmm i iisn-ifcE LsgT-*mj£L 

/Co C©J§£\ mUEPttliiLf*. 3 0mA/cm'©^S 
iSTt?, 2 50cd/m'(OM»g, IMbUffi 1 IV * 
I pc ( 3 . 5 0 eV) > E ael ( 2 . 

[0039] mmm4 (m 1 m^&Ammmtcj-? 

3. ^l^aA^Hic^^^^^S Ki^gf*ETL 
4 5 £ffll>/ctmtt*&6tai 1 tWimc E LmirZfttfiL 
fco C©t§i^ mE.BHmmik. 3 0mA/cin'OSl * 
I pc (3. 50eV) >Eael (2. 

[0 04 0] jt§$W2 

Uttwi tmmicELm+zfti&vtc. /c/cl. mim, 

T-aA^HKiTfc-^ y L ( P V ) ^ffl^/c. 

I pc ( 3 . 5 0 eV) > E ael ( 4 . 

•e& <o . swai i E«cDia«a:%»ai*T. ( i > ©w 

[fl.2 8 3 



PV 



* ammsti. 1 oKjFigigia&tcfctrr <g> ioocd/m 
! ©#i7tttis*5tiiij$n/Co KXt^Bioa? 

^^iia-TSo 

6 OeV) >Eae2 (2. 1 4 eV) (V) 

3K*TC. 3 28 cd/m ! (D^i|g, IBW>*BE9V#i 
ffl«!l3n/c. 1 B#ra^ja^K*j<,iT{i5 2 8 c d/m ! 
©J6#»lgjWttMStt. 1 0BSIBffiS«T4 1 0 0 c d 
/m « J£Lb©#6?£ifflK#8li»J Stilt. C ©:/- 7 £ 5 

vit-^KDm^-mmtntz. 7o e viiii6n, m 

#31 1 EHoHt^iWa-r*. 

7 0 eV) > E ae2 ( 2 . 1 4 eV) (VI) 

★ /c. C ©3&T-* 3 0 m A / c m 1 ommffiTF-CffiXim. 
*ff & ofciC5, 1 ttmfiVitclfK&BlsK Of L * 

ffi*TI»Att«:3&4IS^--C*ofc. C©*B£. H 

©Klfliii 

30eV) >Eae2 (2. 1 4 eV) (V) 
it [0 04 1 ] SStt«5~8 

mmmi tmmic el l/c. ktf©*i7k:b 

«^tt*4Sc«A#tttcoc^r^-ro 

[0 042] 
[*7 3 






HTL 


EML 


ETL 


(cd/V) 


imm 

(cd/tf) 


i omm 

(cd/rn 1 ) 




mim 


5 


HTL3 


EML1 


ETL1 


ETL29 


530 


730 


440 


6 


HTL1 


EML2 


ETL1 


ETL29 


650 


570 


440 


7 


HTL 3 


EML3 


ETL1 


ETL29 


740 


625 


470 


8 


HTL 3 


EML 4 


ETL1 


ETL29 


400 


480 


390 



So 

[0043] mmM9 uwxim) 
mmmi tmmicELm^^Lfc. /c/cu. 

omm* fc*T© «t 5 (ciS/EL'/Co 
IS 1 *-JU&Afwi£JI HTL 1 4 00A 
^@ EML 1 150A 

m2^ii.xmmm etl6 200A 

f H^aAill ETL 29 300A 



C©J:^{CL/-CfB^L//cE L^4f-?^j|3 0m 
A/cm', jflfttt 1 0 0 H z ©J©B«TC«« L/c £ C 
6, *7flfiiSS@*8 5 c d/m\ gg«>miI6. 2V£*L 
/c. -e©^ 2 0 1 S!FH^jaf^«:*JC>rt 9 7 c d/m 
*©I6#HIS (.|gfl*1EII8. 6V) **tftFlyT*»0. S 
<&r«AtttcmtfE L^T--C*)^/c„ 
[0 044] 1 0 

3dfe0f2 £|eI«teEL3gT-£mi£L/Co /c/cL. ^21 
^&Aifej*H«: E T L 2 0 fcflgl >fc. C©*§£. 
JWitta. 3 OmA/c m ! ©S«STtCfe^T^»S 
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60cd/m\ ggffiJimjE6. 2V4?nU 170 

I pc ( 3 . 5 0 eV) > E ael ( 2 . 5 0 eV) > E ae2 (2 



mum i i2«s©ra 



1 4 eV) (VIII) 



[0045] sUSSffl 1 1 (**&*M&Mifi 3 ia*»6JfJ 

sssnsti^) 

1TO *>-H&n2 0Q/O) 

TAa-JMCl TOStSSr5»lfflSStL. AlMM&NiO 
fc. *-JU&Aimi£Jif;mHTL 1410 "'torr© 
*^T"Cr^5 :fSot3:4fl0j&?-£C £fc:J:f)400A 
a&tt/fc. ^C«:»36flMmEML 14 15 0 A&tt I, 
fc. HS31I^&Afai*JlETL 1 4 1 5 0A. W 

2 'SIT-ri Afitii£J! ETL641 5 OA, 3 6f/Clfl 1 m^f* 



3KaA(ftfiMi ETL294250 AS»U AfftCt 1 0 : 
1 ©I^-ibOMg A glS42 0 0 0 Alt CCD 
£ i 5GCk-tftaSLfcEL3&TttmEEPJraifi&. 3 0mA 
/cm'OWfcttflKcfcO-C. «bHE7. 6V. 26ft 
JSJS5 1 0 cd/m 1 . 4^l<fc„ 6 0MI 

iGlOcd/m', 1 0B$fflt£M'&-eh4 2 0 c d/ 
m J ©itt)t?K4*W30;fc. £©££, #3*^ffiAlftj8 
■©WH«n* 5* 2 . UeV, »2 tt?-&AMti£JB<0 

*F»Rtfjtt2 . 5 o e v . mi nfr&tM&smom,* 
matiu 3 . oev, mm<Di±mMmz 3. 5 0 e v -c 

*0. 11^ 1 EttOHflBCettJETft. 



Ipc(3.50eV) >Eael(3.0eV) > E ae2(2 . 50eV) > E ae3(2 .14eV) (DO 



[0046] mmm 1 2 

mix-^mAffimmtorm? $nisT~> (cup 

c) (HTL 1 8) 4 2 0 OA. »2*-^aA^S 
iOTHTL 1 4 2 0 OAffit>fcfcW«3IS£0!ll 1 iPI 

^««Een»na:f^, 3 o m a / c m 2 (Dnm&mas 

OT. 3BS&SEE6. 6 V. S*Sa490cd/m ! . 
4*Lfc„ •?•©&, 1 onfmm^-ChA OOcd/m 

>*JfAt5ciKJ:»3, 1 «cit~<!E8&SII© 

[0047] m&m 1 3 



Hasten i <tH«(c*«©«s**ff-5fca. 

■aAiI@iOrl7$Dt/7-> (CuPc) (HT* 
I pc ( 3 . 5 0 eV) > E ael ( 3 . 
mi X-fo&AmmmOJlTZsitXr-yis+Mt 
4. 97eV, !S2*-;U&A6^Jl<D-f *>fbtfx> 
•>t«5. 0 8eV. S&Stf-^&AilljltJt©^^-!* 

lpa (4.53eV) <lphl(4.97eV)<1ph2(5.08eV)<lph3(5.32eV) 



★ li8)*2ooa. mzx-jimAmmmtuxHT 

Ll*15 OA. m3*-fr&A%timminL2$:l 5 
OA, M1EML 1 * 1 5 OA. # 2 tt-?&A«ffigJ| 
ETL1420 0A. mim^aAfSjl(lETL2 9?: 
3 0 0 AMMO* IlfcMgA g^£^@4JF5)jS;b7c. ■ 
£©<£ Iz-CfRSSl/fcE LS^fctHEEEPflniiM. 3 0 
mA/cm ! ©liSg(Cfcl,>-C. IBt&^BE 6 . 4 V. 
ffcfc«jS5 3 0 cd/m 1 . 4^l,fc. -€-©fg. 60^ 
igjSf;£5 6 0 c d/m\ 1 0«FffflSia^'Cfe4 6 0 c 
d/m'OHsm&zmttlstc. COSR^tcfe^-r. !B2 
*^ aAlftifflKMB^WHl^t* 2 . 14eV, SlSl 

&Ammmc>n*®mMt3 . oev. pgES©tt*&iSt 

«3. 5eVT**9. li*^ 1 £ttonftA«W£-r 

So 

OeV) >Eae2 (2. 1 4 eV) (X) 
iMfcs**7'>2' + Jl'«:5. 3 2 eV-CafeO. 3i*^2gB*8© 



CXI) 



[0048] tb$${BJ3 

HSSW1 3i|B)««cEL*T-©(^=£tfo/c. fti/cU 
SIS^AMIIKETLI (200A) 4I2S^ 
aA«fc£J!tCETL2 9 (3 0 OA) 4*80. SUBflB* 
£;t/c. C©«fc i 5(CL,-CfP)SL//cEL^KSEEn»ne 
f&, 3 OmA/cm'wmaESffitCtetiT. Igib^ffi 
8. 4V. *3feKg5 17cd/m'. ^Lfc*i. 1 
O&fMmm'&b 1 0 0 c d/m'jyT©fl7ti®SU*^# ♦ 
I pc (3. 5 OeV) >Eael (2. 

[0049] ^SSCT 1 4 

HSfet&Jl 1 £I^CtS«©a>iJi4*T-^d£. mi *-/l> 
ffiA^diO-Ci|i|7^a^T^> (Cu Pc) (HT 
L 1 8) 4 1 0 ' t o r rCDK^T-Cr^St^oS^ 
flnf&-T£ Ci(C £9 2 OOA&gG/c 3 6(C gl2* 
-^ftAiftiiJBib-CHTL 14 15 OA. m3*-)\> 



«:*3l»-C«4 7 5 n m^r^i L//c»fe©E L&ft-Cfo 
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Partial Translation of jp 6-314594 A 
...omitted... 

[0045] Inventive Example 11 (A case where an electron 
5 injection transport layer is formed of three layers) 

An ITO (indium- tin oxide: sheet resistance 20O/D) substrate 
was subjected to ultrasonic cleaning with, sequentially, a 
neutral detergent, acetone and isopropyl alcohol. The ITO 
substrate was then dipped in boiled isopropyl alcohol for five 

10 minutes and was then dried by heating. A hole injection 
transport layer material HTL1 was vapor-deposited to 400 A by 
heating an aluminum crucible under a vacuum of 10" 6 torr. Then, 
a light emitting layer material EML1 was vapor-deposited to 
150 A. Next, a third electron injection transport layer ETL1 

15 was vapor-deposited to 150 A, a second electron injection 
transport layer ETL6 to 150 A, a first electron injection 
transport layer ETL29 to 250 A, and lastly an MgAg electrode 
at an atomic ratio of 10 : 1 to 2000 A. An EL device thus 
manufactured exhibited a drive voltage of 7.6 V and an emission 

20 luminance of 510 cd/m 2 at a current density of 30 mA/cm 2 
immediately after voltage was applied thereto. Then, after 
60 minutes, the EL device maintained a high emission luminance 
of 610 cd/m2, and even after 10 hours it still maintained as 
high an emission luminance as 420 cd/m 2 . At that time, the third 

25 electron injection transport layer had an electron affinity 



2 



of 2.14 eV; the second electron injection transport layer, 2.50 
eV; the first electron injection transport layer, 3.0 eV; and 
a cathode had a work function of 3.50 eV, which satisfy a 
relation as recited in claim 1: 
5 I pc(3.50 eV)> E ael(3.0eV)> E ae2(2.50 eV) > E ae3(2.14 

eV) (IX) 

[0046] Inventive Example 12 

An EL device was fabricated similarly to Inventive 
Example 11 except that 200 A of copper phthalocyanine (CuPc) 

10 (HTL18 ) was employed for a first hole injection transport layer, 
while 200 A of HTL1 was employed for a second hole injection 
transport layer. The EL device thus fabricated exhibited a 
drive voltage of 6 . 6 V and an emission luminance of 490 cd/m 2 
at a current density of 30 mA/cm 2 immediately after voltage was 

15 applied thereto. After that, the EL device still maintained 
as high a luminance as not less than 400 cd/m 2 even after 10 
hours . In that case, the introduction of copper phthalocyanine 
accomplished a decreased drive voltage as compared with 
Inventive Example 11. 

20 [0047] Inventive Example 13 

After a substrate was cleaned similarly to Inventive 
Example 11, copper phthalocyanine (CuPc) (HTL18) was 
vapor-deposited to 200 A as a first hole injection transport 
layer; HTL1 to 150 A as a second hole injection transport layer; 

25 a third hole injection transport layer HTL2 to 150 A; a light 
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emitting layer EML1 to 150 A; a second electron injection 
transport layer ETL1 to 200 A; and a first ' electron injection 
transport layer ETL29 to 300 A # and lastly an MgAg alloy 
electrode was formed. The EL device thus fabricated exhibited 
5 a drive voltage of 6.4 V and an emission luminance of 530 cd/m 2 
at a current density of 30 mA/cm 2 immediately after voltage was 
applied thereto. Then after 60 minutes, the EL device 
maintained a high luminance of 560 cd/m 2 , and even after 10 hours , 
the EL device still maintained a high luminance of 460 cd/m 2 . 
10 In this device, the second electron injection transport layer 
had an electron affinity of 2.14 eV; the first electron 
injection transport layer, 3.0 eV; and a cathode had a work 
function of 3 . 5 eV, which satisfy a relation as recited in claim 
1: 

15 I pc(3.50 eV)> E ael(3.0eV)> E ae2(2.14 eV) (X) 

Further, the first hole injection transport layer had an 
ionization potential of 4.97 eV; the second hole injection 
transport layer, 5.08 eV; the third hole injection transport 
layer, 5.32 eV, which satisfy a relation as recited in claim 

20 2: 

lpa(4.53 eV) < lphl(4.97 eV) < lph2(5.08 eV) < lph3(5.32 
eV) (XI) 

[0048] Comparative Example 3 

An EL device was fabricated similarly to Inventive 
25 Example 13. However, ETL1 (200 A) was used for a first electron 
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injection transport layer, and ETL29 (300 A) was used for a 
second electron injection transport layer, with the order to 
stack the layers changed. The EL device thus fabricated 
exhibited a drive voltage of 8 . 4 V and an emission luminance 
5 of 517 cd/m 2 at a current density of 30 mA/cm 2 immediately after 
voltage was applied thereto; however, it only achieved an 
emission luminance of not more than 100 cd/m 2 even after 10 hours, 
which result showed poor durability of the device . In addition , 
although the EL device of Inventive Example 13 emitted 475 nm- 

10 based blue EL light, the EL device, in which layers are stacked 
oppositely to Inventive Example 13, emitted 515 nm-based green 
light, and the El emission from the second electron injection 
transport layer was also observed. In this EL device, the first 
electron injection transport layer had an electron affinity 

15 of 2.14 eV; the second electron injection transport layer, 3.0 
eV; and the cathode had a work function of 3.5 eV, which do 
not satisfy a relation as recited in claim 1: 

I pc(3.50 eV) > E ael(2.14 eV) > E ae2(3.0 eV) (XII) 
[0049] Inventive Example 14 

20 After a substrate was processed similarly to Inventive 

Example 11, copper phthalocyanine (CuPc) (HTL18) was 
vapor-deposited to 200 A as a first hole injection transport 
layer by heating an aluminum crucible under a vacuum of 10* 
6 torr. Further, HTL1 was vapor-deposited to 150 A as a second 

25 hole injection transport layer, and HTL2 was vapor-deposited 
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to 150 A as a third hole injection transport layer. Then, a 
light emitting layer material EML1 was vapor-deposited to 150 
A. A third electron injection transport layer ETL1 was 
vapor-deposited to 150 A, a second electron injection transport 
5 layer ETL6 to 150 A, further a first electron injection 
transport layer ETL29 to 250 A, and lastly an MgAg electrode 
at an atomic ratio of 10 : 1 was vapor-deposited to 2000 A. 
The EL device thus fabricated exhibited a drive voltage of 7.1 
V and an emission luminance of 523 cd/m 2 at a current density 

10 of 30 mA/cm 2 immediately after voltage was applied thereto. 
Then even after 10 hours, the EL device maintained a high 
luminance of 480 cd/m 2 . In this case, a third electron 
injection transport layer had an electron affinity of 2.14 eV, 
a second electron injection transport layer, 3.0 eV; and a 

15 cathode had a work function of 3.50 eV, which satisfy a relation 
as recited in claim 1: 

Ipc(3.50eV) >Eael(3.0eV) > E ae2 ( 2 . 50 eV) >Eae3(2.14 
eV) (XIII) 

Further, the first hole injection transport layer had an 
20 ionization potential of 4.97 eV; the second hole injection 
transport layer, 5.08 eV; and the third hole injection 
transport layer, 5.32 eV, which satisfy a relation as recited 
in claim 2 : 

I pa(4.53 eV) < lphl(4.97 eV) < lph2(5.08 eV) < lph3(5.32 
25 eV) (XIV) 



